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Abstract 
 
This paper investigates the influence of pre-conditioning methods in the cup test on the resulting vapor permeability. 
Measurements at 25°C in three RH ranges are performed with two different pre-conditioning methods. Results reveal that weakly 
hygroscopic materials such as ceramic brick do not suffer from varied pre-conditioning methods, while strongly hygroscopic 
materials such as autoclaved aerated concrete receive great impact in the high RH range because of hysteresis effect. It is 
therefore more reasonable to express the vapor permeability of (strongly hygroscopic) materials in terms of moisture content 
rather than RH. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction 
 
Within the area of building physics, moisture is one of the most important factors that should be taken into 
account. It is widely acknowledged that moisture can influence not only the energy consumed by HVAC systems [1] 
but also the indoor air quality [2], as well as the service life of buildings [3]. 
To have an in-depth understanding of moisture related processes, numerous theoretical models have been 
constructed,  depending  on  various  simplification  assumptions.  Whether  the  classic  Glaser  model  [4]  or more 
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complicated HAM models [5-7] are considered, vapor permeability is always an indispensable input parameter in 
relation to the hygric material properties. 
Vapor permeability is often determined through the steady state vapor diffusion test – the so-called cup test. There 
are already many standards specifying the details of cup tests, such as the ISO 12572 standard [8] and the ASTM 
E96 standard [9]. However, the reproducibility of test results is far from satisfactory. As revealed by many round 
robin tests, there are large discrepancies among the results from different labs on the same material [10-13]. Our 
previous error analysis [14] demonstrates that it is the specific conditions in different labs rather than the test method 
itself that causes such discrepancies. These variable conditions can include temperature and RH control, cup design, 
sample size measuring, weighing, pre-conditioning and sealing, as well as data processing. Some factors may be 
influential (such as sample sealing, as demonstrated by Roels [15]), while others can be negligible. 
As a commonly neglected factor, the influence of the pre-conditioning of samples may be underestimated. The 
root for the impact of pre-conditioning is the hysteresis effect. Normally the determined vapor permeability is 
expressed for the average RH on both sides of the sample. However, the vapor permeability of porous building 
materials is actually a function of moisture content rather than RH. In other words, for materials with strong 
hysteresis effects, one RH can correspond to quite different moisture contents due to varied adsorption-desorption 
paths (pre-conditioning), and consequently may correspond to significantly different vapor permeabilities. 
This problem has received little attention yet. In this paper we will study the influence of pre-conditioning on the 
cup test results. 
 
2. Materials and methods 
 
Autoclaved aerated concrete (AAC) and ceramic brick (CB) are chosen as target materials to respectively 
represent strongly hygroscopic materials with obvious hysteresis effects and weakly hygroscopic materials with 
limited hysteresis effects. The ISO 12572 standard [8] is employed with some modifications: samples are sealed on 
detachable lids to glass containers so that the moisture content of samples can be obtained gravimetrically. 
Specifically, AAC blocks are cut into samples sized 12 cm in diameter and 3 cm in thickness, while for ceramic 
brick the dimensions are 8 cm in diameter and 2 cm in thickness. For each material, around 30 samples are prepared 
and their respective bulk densities are determined. Then samples are grouped into six groups according to their bulk 
densities, and each group contains four duplicates (redundant samples are discarded). The criteria for grouping is 
that the average bulk density of all groups should be statistically the same according to Duncan’s multiple range test 
(     =0.05) [16]. 
Grouped samples are first sealed onto lids with paraffin. Then they are dried in vacuum desiccators at below 1 
mbar with desiccant (CaCl2) inside (Fig.1). The dry mass of each sample (together with the lid and sealant) is 
recorded. After that samples are pre-conditioned according to different methods. The pre-conditioning methods used 
in this paper can be generally classified as adsorption pre-conditioning and desorption pre-conditioning. Adsorption 
pre-conditioning refers to samples going directly from dry state to moist state at a given RH without and reverse, 
while desorption pre-conditioning means that samples absorb moisture at a high RH first and then go through the 
desorption process at a lower RH (except for the highest RH used in this paper). The specific conditions are 
summarized in Table 1. For each specific condition, one group of samples are used to represent each material. After 
pre-conditioning, samples and lids are attached to cups with saturated salt solutions inside (about 2 cm below 
samples). Vaseline is used to reduce the leakage between the lid and the opening of the cup (the leakage rate is 
determined through tests beforehand). Then cups are placed in a climate chamber with another saturated salt 
solution to control ambient RH (Fig.2). Detailed solution and RH information is also listed in Table 1. 0.5°C. Cups are weighed every 3 or 4 days with an accuracy of 0.01g. 
Measurements are carried out at  25.0 
When the mass change rates have become constant, 7 formal weighings are performed. After the 7th weighing, lids 
with samples are detached from cups immediately and weighed. Then the measurements are finished. The water 
vapor permeability, as well as the moisture content is calculated for each sample. The effects of the air layer and the 
cup leakage are corrected for. 
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Fig.1. Vacuum drying. Fig.2. Cups in the climate chamber. 
 
Table 1 Cup test arrangements     
Pre-conditioning methods 
In the cup In the chamber  
 
 
 
 
 
 
 
3. Results and discussion 
 
In this section we will first analyze the results obtained from cup tests with different pre-conditioning methods. 
Then the fitting method for vapor permeability will be discussed. 
 
3.1. Cup test results 
 
Vapor permeabilities of AAC and CB obtained under different conditions are illustrated in Fig.3, with error bars 
representing standard deviations for duplicate samples. 
As a commonly observed phenomenon, vapor permeability remains steady or increases slowly in the low and 
intermediate RH ranges, but increases significantly in the high RH range. This tendency is clearly reflected by our 
results. This phenomenon is attributed to the capillary condensation and liquid islands in pores. 
When it comes to the influence of pre-conditioning, Fig.3 gives us the first impression that when the RH is below 
84.3%, no significant difference in permeability can be observed, whatever the pre-conditioning method is. When 
the RH is higher than 84.3%, for AAC the permeability obtained with desorption pre-conditioning is obviously 
greater than that for adsorption pre-conditioning. For CB the tendency seems reversed. But considering the big error 
in the obtained permeability for CB, the CB results are difficult to judge directly. 
To have a more in-depth analysis of the results, we look into both permeability and moisture content. Details are 
summarized in Table 2. More importantly, independent T-tests are performed to compare results obtained from 
adsorption and desorption pre-conditionings. If the calculated significance is greater than a given value (in this paper 
we choose  =0.05), then the average values of two groups of numbers are statistically the same. Otherwise they 
are statistically different [16]. The results for statistical analysis are also summarized in Table 2. 
As is clearly shown in Table 2, whatever the RH is, the moisture content and vapor permeability of CB remain 
statistically the same, irrelevant to pre-conditioning methods. This implies that CB has negligible hysteresis effect, 
corresponding to our measured sorption isotherms (Fig.4). As mentioned in Section 1 (Introduction), vapor 
permeability is actually a function of moisture content. It is therefore understandable that pre-conditioning has little 
influence on the results of cup tests with weakly hygroscopic materials such as CB. 
Salt solution RH (%) Salt solution RH (%) 
Vacuum dried→11.3% LiCl 11.3 Mg(NO3)2 52.9 
Adsorption Vacuum dried→52.9% Mg(NO3)2 52.9 KCl 84.3 
Vacuum dried→84.3% KCl 84.3 K2SO4 97.3 
Vacuum dried→97.3%→52.9% LiCl 11.3 Mg(NO3)2 52.9 
Desorption Vacuum dried→97.3%→84.3% Mg(NO3)2 52.9 KCl 84.3 
Vacuum dried→97.3% KCl 84.3 K2SO4 97.3 
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Fig. 3. Results of cup tests (a) AAC; (b) CB. 
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Fig.4. Sorption isotherms of AAC and CB (25°C) 
 
 
  Table 2 Cup test results for different pre-conditioning methods  
-11 
RH (%) Material 
Moisture content (kg/kg, %) Permeability (×10 kg/(m·s·Pa)) 
 
 
 
 
 
 
For AAC, the situation is more complicated. AAC is a typical strongly hygroscopic material with obvious 
hysteresis, as illustrated in Fig.4. Consequently, different pre-conditioning methods lead to statistically different 
moisture content throughout the whole RH range, albeit the test condition remains the same (shown in Table 2). 
However, when the RH settings are 11.3%-52.9% and 52.9%-84.3%, the vapor permeability doesn’t change with 
different pre-conditioning methods. Only when the RH goes higher does the influence of pre-conditioning (and 
hence moisture content) demonstrate its existence ( <0.05). This is because the moisture content of AAC increases 
rapidly only in the high RH range, where the influence of pre-conditioning really plays an important role. 
AAC, adsorption from oven dried 
AAC, desorption from RH 97.3% 
CB, adsorption from oven dried 
CB, desorption from RH 97.3% 
M
oi
st
ur
e 
co
nt
en
t (
kg
/k
g,
%
) 
Adsorption Desorption Adsorption Desorption 
11.3-52.9 
AAC
 0.52 0.79 <0.001 2.91 2.63 0.264 
CB 0.04 0.05 0.817 0.95 0.95 0.964 
52.9-84.3 
AAC
 0.84 1.07 0.006 2.94 2.95 0.957 
CB 0.07 0.08 0.705 1.00 0.95 0.664 
84.3-97.3 
AAC
 1.68 2.07 0.005 5.92 6.62 0.023 
CB 0.16 0.14 0.727 1.45 1.22 0.129 
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Fig. 5. Different fitting methods (a) with RH; (b) with moisture content 
 
3.2. Vapor permeability fitting 
 
Previously, the vapor permeabilities obtained through cup tests are most commonly expressed as the function of 
RH. For instance, Eq.(1) is one of the most frequently used fitting functions. 
G a b RH c (1) 
where Gis the measured permeability while a, b and c are fitting parameters. RH typically takes the average value 
of the RHs on both sides of test samples. 
Unfortunately, our results in Table 2 clearly show that fitting permeability in terms of RH is not always 
reasonable, especially for strongly hygroscopic materials in the wet cup tests. Below we will discuss the situation for 
AAC. Specifically, when the test condition is RH 84.3%-97.3%, we get an average permeability of 5.92×10-11 
kg/(m· s·  Pa) for adsorption pre-conditioned samples and 6.62×10-11 kg/(m· s·  Pa) for desorption pre-conditioned 
samples, respectively. Since these two values are statistically different and their difference is also much greater than 
the repeatability error of cup tests [14], it is not acceptable to assume that the difference is merely due to 
experimental errors. In other words, at RH 90.8%, AAC has two permeabilities. This is physically questionable. 
On the contrary, by substituting moisture content (u) for RH, the risk of having more than one permeability values 
at the same RH can be avoided. This method turns Eq.(1) into Eq.(2) 
G a b uc (2) 
The coefficients of determination (R2) for fitting with Eq.(1) and Eq.(2) are 0.96 and 0.91, respectively. Both 
values are acceptably nice. Considering the errors in the determination of moisture content, we believe that fitting 
with moisture content is mathematically as good as fitting with RH but physically better. 
 
4. Conclusions 
 
This paper studies the influence of pre-conditioning on the vapor permeability obtained through cup tests. 
Measurements are carried out at 25°C with test samples undergoing different pre-conditioning paths. Results show 
that for weakly hygroscopic materials such as CB, pre-conditioning methods are not important for the results. For 
strongly hygroscopic materials such as AAC, samples going through different pre-conditioning methods can have 
statistically different moisture content and permeabilities, especially in the wet cup tests. It is therefore more 
reasonable to express the permeability of strongly hygroscopic materials in terms of moisture content rather than 
RH. 
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